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monstra- :!jiiiili!i_::iii_ili!:Objectives: Endogenous and exogenous estrogens are important in the development of endometrial cancer.
-7. :filli!iii!i!ii!::Several or_anochlorine compounds, such as o,p'-DDT, have estrogenic properties. The objective of this case-

mcept of :::::::::::::::::::::::::::control analysis was to examme serum concentratmns of organochlorme compounds and risk of endometrml
, 1994; 5: _iii!iiiiiiiiiiii!cancer.

::_:.:+:.:.:..:

_loyment ::_::*_::iii.............Methods: Analyses were based on a sample of 90 endometrial cancer eases and 90 individually matched
Epidemi- ::!iiiill community controls from a multicenter case-control study in five geographic regions of the United States.

iiiiiiUiUii_:iiiii:_Information on potential confounders, including menstrual and reproductive factors, cigarette smoking, diet,
.ted vari- :_;ii_i:i_iii!_

t:#:_::i_!i_::_:_:and weight, was obtained by interview.

:iol Sante :iliiiii{i!ili!iii!Results: The adjusted relative risk of endometrlal cancer in the highest quartile of exposure compared with
:tistor_cal :#:!i::::!::i women in the lowest quartile was 0.7 (95 percent confidence interval [CI] = 0.2-2.0) for p,p'-DDE, and 0.9 for
"oduction iiiiiiiilililili_ii:total polychlorinated biphenyls (PCBs) (CI = 0.4-2.5).
.n of the :*:::':::.......i:_: Conclusions:. These findings do not support the hypothesis that organochlorine compounds are linked to the

til 1990. development of endometrial cancer. Cancer Causes and Control 1998, 9, 417-424,arch on

October !i!iii_iiii_iKey words: Endometrial cancer, DDT, PCB, organoehlorines, United States, women.
1987; 31: ili!ii_i!i!iiii:::_ililiiiiiiii::ii..,......,.,

=======================s in the
i. !ilili!!!ii Introduction...,.........

i::::i::::ii:_::i::_DDT was introduced as an organochlorine insecticide in Studies have shown a posxtive association _-4 or no:::::::5:'::.

:::::::::::::::_:_:_:_:_:_:the United States in the 1940s but was banned in 1972 association s'° between past exposure to DDT and risk
_::ii_iii_i::i:_idue to its adverse effects on wildlife. Technical DDT of breast cancer. An association is biologically plausible

:i!iii!i!ii::iltypicaUy has 77 percent p,p'--DDT (the insecticide), 15 because several DDT isomers are weakly estrogenic. In
:_ii!!!!iiiipercent o,p'-DDT, and lesser amounts of other deriva- general, o,p'-DDT is presumed to be more estrogenic
ii!i!i_ii:?::

i_: tives? Upon ingestion, p,p'--DDT is quickly metabolized than p,p'-DDT," but the reverse has also been report-
!!ili:i:i!::

iiii!i::i:ii:::to the highly persistent lipophilic metabolite p,p'-DDE, ed?' The primary metabolite, p,p'-DDE, has very little

i_iiiii!iiiii: Dieta W meat and fish are primary, sources of exposure estrogenic potential*' but it has been shown to be an
ililiiiil to p,p'-DDE, androgen receptor antagonist."

i_!i!:iiiiiii:i
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Polychlorinated biphenyls (PCBs)are a series of 209 were interviewed in the hospital and controls we
congeners of chlorinated aromatic hydrocarbons. PCBs interviewed in their homes. ::_!i!!!!!!!!!!!!!:.'_

were introduced in the 1920s and were widely used in Interviews were completed with 434 of 498 eligible ii::i::i_iiiiiiiliiiii::J
capacitors and transformers. Owing to concern over the cases (87.1 percent) and with 313 of 477 eligible controls _!_!i!i!::!::!::i::ii_iiii
persistence of PCBs in the environment, production (65.6 percent). The primary reason for nonresponse was _:_!_!:!:!:;:;:_:;s:

ceased during the 1970s in the US. ts Certain PCBs have refusal (4.8 percent of cases cf21.8 percent of controls). ::ii:!;i_i;;!i!;iil;:'.'_

weak estrogenic propcrties'_lr and others can induce All cases were pathologically confirmed with 93 percent il !ii_cytochrome P450 enzymes, thus potentially affecting of the interviewed cases having a classification of

steroid metabolism.18 Some studies have suggested a epithelial cancer. Because of the distinct epidemiologlc i iili_

possible link between PCBs and breast cancer 2_.10but characteristics of sarcomas,2"29 cases with sarcomas and :::::::::::::::::::::
others have not observed an association.7-8 16 matched controls were removed from the analysis.

The effects of menopausal estrogens on breast cancer
:::::::::::::::::::::::::::::::

are considerably weaker than the five- to 10-fold Blood collection _::_""i_iii_iiiii__
increased risks found between estrogen use and en- Participants were asked to provide a fasting blood
dometrial cancer?9 Thus, one might reasonably expect sample. Nurse interviewers collected samples from cases
that estrogenic effects of organochlorine compounds prior to surgery. A phlebotomist visited controls in their
would be easier to detect on endometrial than on breast homes usually one month after the home interview.

tissue.2°We studied the relation between serum levels of Each field center processed and stored serum samples at i i i_

DDT-related compounds and PCBs using a sample of -70° C until the specinaens were shipped on dry ice to a
endometrial cancer cases and their matched controls central storage facility where they were kept at -85 ° C.
from a large multicenter case-control study. Data on Of the interviewed subjects, 325 cases and 217 control
other organochlorine pesticides were also available from subjects donated blood.
the same laboratory procedure.

Organochlorineanalysis

A total of 90 sets of interviewed cases and individually
Materials and methods matched control subjects had sufficient blood volume

required for organochlorine analyses remaining in
This study was conducted in collaboration with seven storage. Serum samples were arranged in a set consisting
hospitals in five geographic areas of the US: Chicago, of a case and a matched control. Blinded samples were
Illinois; Hershey, Pennsylvania; Irvine and Long Beach, analyzed at the National Center for Environmental

California; Minneapolis, Minnesota; and Winston-Salem, Health, Centers for Disease ContrOleveryandPreventiOn.studyserumA ii!iii!ii!i!i!i!iiiiiil_

North Carolina. 2' Cases were newly diagnosedwith reagent blank (to check for contaminants) and an iii!_iiii!iiii!i
endometrial cancer between 1 June 1987 and 15 May internal laboratory quality-control sample (spiked bo- i_i_i!::!i_::i::i::i

1990; were aged 20 to 74 years; and lived in defined vine serum)2_were analyzed with 10
geographic areas. Controls under age 65 years were samples. Each sample was extracted using solid phase
selected using random-digit-dialing techniques (RDD) extraction and then analyzed on two separate gas
whereas older controls were selected with information chromotographs with electron-capture detection. The ilil -_1
provided by the Health Care Financing Administration. chromatographs used different columns (DB5 and

Control subjects were individually matched to case DB1701) to reduce interferenccs and improve selectlv- i!iil

patients byage (same five-year age group), race (White, ity. Results were obtained for: four DDT-related i:'iiiiiil
t : :::_:i:i:i[iBlack, or other), and area of residence (telephone compounds (o,p-DDT, p,p'-DDT, o,p'-DDE, p,p- _:::_i_i_i_!_

exchange or zip code). A short telephone questionnaire DDE); 27 PCB congeners (BZ# 28, 52, 56, 66, 74, 99,

was administered to all potential control subjects to 101,105, 110, 118, 138, 146, 153, 156, 170, 172, 178, 180,determine hysterectomy status. Control subjects without 183, 187, 189, 193, 194, 195, 201, 203, and 206); and 13

subject.anintact uterus were replaced with another eligible previously°therorganochlorinedescribed.'3 compounds using methods as ;i_::l::i_:_:_ii!_::J_l_!i_il

A structured interview, on average 60 mill in length, Serum samples were analyzed for total cholesterol and :i!_;ili:iiii]
was administered to obtain information on hypothe- triglycerides, and total lipids were calculated by a

sized risk factors, including demographics, pregnancy standard formula to correct for possible differences in :ii:ii_iiiiii_'_,
history, menstrual history, contraceptive behavior, use recent food intake._4Lipid-corrected individual organo- i!i_i!i!i_:i

of exogenous hormones, diet and alcohol intake, and chlorine concentrations were calculated by dividing by :iiiii_!i!ii:"_
physical activity. A variety of anthropometric measure- total lipids.
ments were also obtained, including waist and thigh Summary lipid-corrected concentrations of total

circumference to estimate body fat distribution. Cases PCBs were calculated by dividing each PCB congener

418 Cancer Causes and Control. Vol 9. 1998



_!::!::_::_::ii::: Organochlorinesand endometrialcancer

ls were _:'::_ii:_:: by total lipids and adding them together. The congeners fat intake, total calories, oral contraceptive use, smoking
_/::::: measured in this study were also assigned into three status, and parity.

eligible i::_i_: groupings based on a classification scheme proposed by
:ontrols .:il::_i_::_i::

}::iiiii! Wolff and colleagues:" (i) potentially estrogenic (BZ# Results
.nsewas iiiiiii!_ 52, 101, 187, 177, 201); (ii) potentially anti-estrogenic
mtrols). ::i:ii!:: (BZ# 66, 74, 105, 118, 156, 138); and (iii) cytochrome The mean ages of the cases and controls were 57.2 andi!:::

percent &: P450 enzyme inducers (99, 153, 203, 183). Because 57.9 years, respectively. Over 90 percent of the women
tion of ;::::.... BZ# 138 is a highly prevalent, di-ortho congener with were White, non-Hispanics. Previously identified risk!::_::
niologic ii::: limited anti-estrogenic activity," a potentially anti- factors for endometrial cancer 2''2s29among women with
mas and _i:::::

_:...... estrogenic summary variable restricted to mono-ortho organoehlorine data are presented in Table 1. Compared
alysis. _3:::::_::congeners was also created (BZ# 66, 174, 105, 118, 156). with control subjects, cases were more likely to be

ill Samples from 22 study subjects were selected at nulliparous, to use menopausal estrogens, to be obese, to
_ : random and tested in duplicate. Duplicate testing was

; blood _: performed in a blind fashion. The coefficients of Table 1. Relativerisks(RR)and95 percentconfidenceintervals
,m cases ilill variation, calculated as the standard deviation of the (el) forendometrialcancerassociatedwithselectedchara_er-
in their ii!i_,::: level divided by the mean level, were 9.9 percent for isties;USareas

terview, ii :i:: p,p'-DDE and 18.5 percent for total PCBs. Coefficients Characteristic Cases Controls RR(el)
nplcs at _ of variation for other organochlorine compounds were Numberof fivebirths
ice to a ,_: considerably higher but concentrations of these com- 0 24 10 1.0 --

-85 ° C. pounds were frequently below the formal limits of 1-2 33 35 0.3 (0.1-0.g)
control [!!:'i: detection of the assays. 3+ 33 45 0.2 (0.1-0.6)

:r::_:: Formal detection limits for the various assays range Menopausalestrogens
_i:i:_: Never 71 74 1.0
!!:__:: from 0.54 to 0.66 ng/ml for the DDT-related compounds,
V:::! Ever 18 15 1.3(0.6-3.0)
]:!ii 0.17 to 0.45 ng/ml for the PCB congeners, and 0.08 to < 10 yrs 9 12 0.8 (0.3-2.2)

viduatly i:::_,...... 0.42 ng/ml for the other organoehlorine pesticides, a_ 10+yrs 9 3 2.0 (0.8-10.9)
volume liiiii: These detection limits were designed to eliminate 99.86 Weight (Ibs)"

sing in _:_:iiiiii:percent of false-positive results. Because such conserva- < 125 12 24 1.0 --

,nsisting [ii tive detection limits can result in a loss of valid data, 125-149 22 27 1.2 (0.4-3.7)
150-174 14 23 0.8 (0.3-2.2)

Leswere i:_iil concentrations obtained below these formal method 175+ 41 16 3.7(1.4-9.8)
nmenta] I!_i_i!_i:detection limits were not eliminated in the present Waist-to-thigh
xion. A _i!i::_ analysis, circumferenceratiob
andan ,1.52 t4 26 10 -
ked be- t t.62-1.78 13 26 0.6 (0.2-2.0)

y serum I Statistical analysis 1.79-1.99 30 18 3.1(1.1-8.9)
> 1.99 30 18 2.7 (0.9-8.7)

d phase _:_:::: Summary data for the cases and the controls in each set Ageatmenarche(yrs)
•ate gas !:ill!: are described by the median value and 25th and 75th 14+ 22 33 1.0 --
_n. The ;;.:::ii::i percentiles cut-points. Case-control differences were 13 21 24 1.4(0.5-3.4)

B5 and ii:_::i_: tested by the Wilcoxon signed rank test. Conditional _<12 46 33 1.9(1.0-3.8)

_elecdv- I[i logistic regression was used to derive relative risk Saturatedfat(g/day)
'-related estimates (RR) and 95 percent confidence intervals < 12 16 18 1.0 --13-18 21 23 1.0(0.4-2.5)
E, p,p- (el). Cut-points for categorical exposure variables were 19-25 ' 23 29 0.9 (0.4-2.5)
74, 99, l _:_ usually based upon their quartile distribution among > 25 28 20 1.6(0.6-4.3)

78, 180, :_:::::: controls. When more than 25 percent of the controls had OralcontraceptivesNever 69 57 1.0
;and 13 _:i: no measurable concentration of the exposure of interest, Ever 21 33 0.5 (0.2-1.0)

aods as It however, cut-points were determined by grouping Cigaretteusecontrols with no measurable levels and dividing remain- Never 59 51 1.0
erol and ,_:_:_ ing controls into two equal groups. Former 24 24 0.8(0.4-1.8)

d by a Because organochlorine compounds are stored in Current 6 15 0.3 (0.1-0,9)Calories(keals)_
races in :......... adipose tissue, risk estimates are presented with and

ii::iii[ Ol (< 975) 17 22 1.0 --

organo- _::ii without adjustment for body weight. None of the Q2(975-1,247) 16 20 1.3(0.5-3,3)
ding by I following individual factors materially changed the Q3 (1,248-1,560) 28 28 1.3 (0.5-3.6)

results presented and were not included as confounders Q4(>1,560) 27 20 2.3(0.8-6.6)

)f total _::::iiiii:in logistic models: menopausal estrogen use, age at " Adjustedforwaist-to-thighcircumferenceratio,
ongener tliiiiiiii menarche, waist-to-thigh circumference ratio, saturated _ Adjusted,or weight.
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have a high waist-to-thigh circumference ratio, to have 4.4). Compared with women in the lowest tertile of o,p'-
an earlier age at menarche, to have high saturated fat DDT, women in the highest tertile were at somewhat

intakes, and to consume more calories. However, they decreased risk (multivariate RR = 0.5, CI = 0.1-1.9).
::!_ were less likely to use oral contraceptives, and to be There were no positive associations between endome-i ii .::

_: current smokers. Unlike in other investigations, late age trial cancer risk and high serum concentrations of totali

at natural menopause was not found to be associated PCBS, estrogenic PCBs, or enzyme-inducing PCBs
:z_! with endometrial cancer in the present analysis or in the (Table 4). Although women in the second, third, and

i! quartiles of enzyme-inducing PCBs were at
ii., originalTherecase-contrOlwasno significantStudy'_*difference in the lipid- decreasedf°urthrisk compared with women in the lowest

i corrected serum concentration of p,p'-DDE between quartile, there was of risk with
no gradient decreasing

cases and controls (Table 2). By contrast, p,p'-DDT increasing concentration. Compared with women in the

t concentrations were significantly higher in cases than lowest quartile of anti-estrogenic PCBs, the multivariate

:.-_ controls. In addition, o,p'-DDT concentrations were RR for women in the highest quartile was 1.1 (CI =
,.: higher in controls than cases, although this difference 0.4-3.1). RRs associated with anti-estrogenic PCBs

t i was n°t statistically significant- There were no signifi- except BZ# 138 by quartile were: 1.0, 3.2 (CI = 1.1 -

cant differences in the concentrations of total PCBs, 9.2), 1.5 (CI = 0.5-4.2), and 2.6 (CI = 0.8-8.2).
estrogenic PCBs, or anti-estrogenic PCBs between Dieldrin-associated multivariate RRs for endometrial

cases and controls. Concentrations of enzyme-induc- cancer by tertile were: 1.0; 2.1 (CI = 0.%4.2); and 1.9 i
ii_;::_' ing PCBs were slightly higher in controls than cases (CI = 0.7-4.8). No increases in risk were observed for

:1 but this comparison was only marginally significant, the other five organochlorine compounds (Table 5). i i I_
Eight organochlorine compounds (o,p'-DDE, aldrin, Because risk factors for endometrial cancer may vary ii_i_i_i_!i_i!i!_!i;::__

endrin, alpha-chlordane, gamma-chlordane, gamma- according to menopausal status, additional analyses were :_!_i!i_i:i:i:i:i:i:::,_
hexachlorocyclohexane, heptachlor, and mirex) were restricted to the 72 matched sets of women who were 50

detected in fewer than 15 percent of the cases and ),ears or older. Results were similar to those presented :_:_ _:
....... controls and were excluded from all analyses. Of the for the overall group. Results were also similar when :!ii_ili)iiiil)!!:.

• six other compounds, only dieldrin concentrations analyses were restricted to the 65 subjects with early- i

ii i were significantly higher in cases than controls, stage endometrial cancer and their matched controls.
We found no evidence of a positive association Because serum concentrations of many organochlo- !_iii!i_i!_i_:ii

ii between high serum concentrations of p,p'-DDE and rine compounds were low, statistical analyses were ,;_ _
risk of endometrial cancer (Table 3). Compared with repeated using only two exposure categories (below; and iiiiiiiii:i!

i ii! women in the lowest tertile of p,p'-.DDT, women in the at the level of detection of the analyte and above). For :!iiiii_:i__:::
:_i highest tertile were at nonsignificantly higher risk of summary exposure variables, the sum of the limit of

f: _: endometrial cancer (multivariate RR = 1.8, CI = 0.7- detection values for the relevant compounds was used i!ii_i!il::

i _: Table 2. Distributionof lipid-correctedorganochlorineserumconcentrationsin endometrialcancercasesand matchedcontrols;US _!:i_:
!i areas ..::

L : :! :_
i :: :!: :iii

.... : Cases Controls p= _:_:_:::::_:
:: : Median(25th, 75th) Median(25th,75th) f!

i DDT-relatedcompounds

1 p,p'-DDE 1,417 (809,2169) 1,358 (943,2276, 0.58
o,p'-DDT 11 (0,68) 19 (0,83) 0.09
p,p'-DDT 69 (0,126) 0 (0,96) 0.03 _::U:

: .:...5.

SummaryPCB indices i_:il;::TotalPCBs 302 (205,510) 350 (237,595) 0.48 ,::::::::
: EstrogenicPCB 1 (0,5) 1 (0,5) 0.84 l:::;::i:::::

:: ii AntiestrogenicPCB 166 (111,286) 176(111,301) 0.86 !! ::; Enzyme-inducingPCB 81 (47,141) 102 (67,178) 0.08
: Otherorganochlorines '_;::

i_: Beta-hexachlorocyclohexane 38(10,86) 35(10,71) 0.37 i:i_i;!_:_:/
.;i! Dieldrin 8(0,29) 0(0,15) 0.03 iiiiii!:::_!i....
i'i Hexachlorobenzene 43(31,62) 45(35,63) 0.32 _ii;ili:::
:::i Heptachlorepoxide 0 (0,16) 0 (0,4) 0.08 _i_<..............
:i:: :: Oxychlordane 0 (0,23) 1 (0,22) 0.58 _ii
i;_; Trans-nonachlor 2 (0,45) 10 (0,45) 0.54 _.
:::i: " Wilcoxonsigned-ranktest.

..........,
_::_i_!_!!!!_ii_
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:i::iiiiii!iiiiii Organocblorines and endometrial cancer
ii_i::iii_i::i:!?.

of o,p'- _:i_i_:_!_:_:_:Table3. Relativedsks(RR) and95 percentconfidenceintervals(CI) forendometfialcancerassociatedwithlipid-correctedDDT-related
F:::_:_:__ compounds;USareas

.1-1.9). !::if!if!:i: Organochlodneconcentration Cases Controls aa' RRb'. (Cl)
ndome- iii:!iil Range Mean Mean
of total ......_::

.....ii:i: (ng/g lipid) (nglg lipid) (ng/mL)

;PCBs p,p'-DDE:;ii

rd, and _: 1 256-943 679 3.9 27 23 1.0 1.0_ii:: m

_¢ereat !iii 2 954-1,357 1,172 5,0 17 22 0.7 0.5(0.2-1.2)
lowest ili!:;i: 3 1,359-2,276 1,833 9.1 27 23 1.0 1.0 (0.4-2.5)

sk with '_: 4 2,391-10,486 4,102 19.9 19 22 0.7 0.7 (0.2-2.0)
!_::: o,p,.DDTa

n in the i!::: 1 0 0 0 43 39 1.0 1.0;ivariate i':i

(cI ::i:: 2 5-75.8 36.6 0.2 27 26 0.8 09(0.4-2.1)=- _: 3 78.2-386.6 129.8 0.6 20 25 0.5 0.5 (0.1-1.9)
: PCBs il;ii::: p,p'-DD'P
= 1.1- iii: 1 0 0 0 41 50 1.0 1.0 --

I::i.: 2 31.6-98.2 76.1 0.4 15 20 0.9 0,6 (0.2-1.6)
)metrial il 3 99,0-278 155.0 0.7 34 20 2.3 1.8(0.7-4.4)

and 1,9 i_::: _aAdjustedCut-p°intSforWerematchingdeterminedfactors.bYgroupingcontrolswithno measurablelevelsanddividingremainingcontrolsintotwoequalgroups._¢ed for
._: _ Additionallyadjustedfor weight.

ayvary
;es were _:!ii for the cut-point. Results were comparable to those total PCBs, and estrogenic PCBs (more than 97 percentwere 50 _: : presented with two exceptions: the RRs associated with of subjects below the level of detection).

jt:i:i

'esented l:! / serum levels above the level of detection were 0.8 (CI = Limited data are available on the recoveries of the
r when _::::::::_!_i:'0.3-2.2) for dieldrin and 2.3 (CI = 0.8-7.0) for ox- various pesticides and PCB congeners from the labora-

a early- !ilitliii! ychlordane. This analytic approach was not relevant for tory method employed in this study. In a small

:rols. p,p'-DDE (all subjects above the level of detection), published study, '_ recoveries varied from 47.0 percent
nochlo-

:s were ,ii::::: Table4. Relativerisks(RR)and95percentconfidenceintervals(CI)forendometrialcancerassociatedwithlipid-correctedPCB-related
3w; and !ii!illI compounds
;e). For :!:::i::

Limit of :ii__:::: Organochlorina concentration Cases Controls RR=_ RRb'* (Cl)

as used ( Range Mean Mean
(ng/g lipid) (ng/g lipid) (ng/mL)

t: TotalPCB
trois;US 1;i 1 (28-237) 165 0.9 30 23 1.0 1.0 --

:: 2 (241-349) 284 1.5 24 22 0.8 1.1(0.4-3.0)
p= I: 3 (362-595) 462 2.2 17 23 0.6 0.7 (0.3-2.0)

i 4 (598-1,714) 816 4.1 19 22 0.7 0.9 (0.4-2.5)

EstrogenicPCBsa

1 (0) 0 0 34 30 1.0 1.0 --2 (0.1-3 11 27 31 05 11(0.5-2.4)
).09)38 3 (3.4-90) 16 0.09 29 29 0.9 1.3 (0.5-3.2)
).03 Anti-estrogenicPCBs

i_i: 1 (4-111) 75 0.4 23 23 1.0 1.0 --
).48 2 (112-174) 138 0.8 23 22 1.0 1.2 (0.5-3.2)

).84 lJl i 3 (180-301) 229 1.1 25 23 1.1 1.2 (0,4-3.0)).86 4 (309-1,254) 454 2.3 19 22 0.9 1.1 (0.4-3.1)
).08 , Enzyme-inducing

_.37 t:I PCBs1 (0-67) 36 0.2 35 23 1.0 1.0

).03 !i :: 2 (70-101) 85 0,4 19 22 0.5 0.6 (0.2-1,5)
).32 i: 3 (103-178) 136 0,7 20 23 0.5 0.7 (0,3-1.8)

).08 If:i: 4 (183-442) 247 1.2 16 22 0.4 0.6 (0.2-1.6)L56 i _ Cut-pointsweredeterminedbygroupingcontrolswithnomeasurablelevelsanddividingremainingcontrolsintotwoequalgroups,L54
Adjustedfor matchingfactors.

i l Additionallyadjusted weight.
c for

I Canccr Causes and Control. Vol 9. 1998 421

r



Table 5. RelatNe risks (RR) and 95 percentconfidenceintervals(CI) for endometrialcancer associatedwith lipid-corrected
orgsnochlodnepesticides;USareas

Orgenochlorineconcentration Cases Controls RRb RRb'=(Cl)

Range Mean Mean
(ng/g lipid) (ng/g lipid) (ng/mL)

Beta-hexachlorobenzene
1 (0-9.6) 2.3 0.01 22 23 1.0 1.0
2. (9.9-35,2) 21.1 0.12 20 22 0.9 0.8 (0.3-2.3)

i,! 3 (35.3-70.8) 51.4 0.26 18 23 0.8 0.5 (0.1-1.4)
i 4 (73.9-938) t44.3 0.78 30 22 1.5 0.9 (0.3-2.6)
i ..... Dieldrina

:::i 1 (0) 0 0 32 51 1.0 1.0 --
i/ 2 (0.4-20.5) 9.2 0.05 28 20 2.2 2.1 (0.9-4.2)

i_:
3 (21.5-189.1) 61.0 0.31 30 19 2.9 1.9 (0.7-4.8)

Hexaehlorobenzene
]
! 1 (0-34.8) 21.7 0.13 27 23 1.0 1.0 m

2 (35.0-44.9) 40.3 0.20 21 22 0.7 0.6 (0.2-1.8)
:: 3 (45.3-63.3) 54.5 0.28 20 23 0.7 0.5 (0.2-1.7)

,!::::: 4 (63.5-574.7) 102.3 0.45 22 22 0.7 0.8 (0,2-2.6)

: 1 (0) 0 0 47 44 1.0 1.0

i::)i_ 2 (0.2-20.3) 9.5 0.05 19 23 0.8 0.6 (0.3-4.6)
_::_:_ 3 (22.3-145.5) 51.9 0.26 24 23 1.0 1.2(0.5-3,0)
_:_:_; Trans-nonachlor"

,o, 0 o ,0 ,o_! 2 (0.4-38.1) 15.8 0.08 24 28 0.7 0.6 (0.2-1.5)

I 3 (38.6-310.6) 92.7 0.48 26 27 0.8 0.7 (0.3-1.9)

! 1 (0) 0 0 56 60 1.0 1.0
2 (0.4-23.1) 7 0.04 12 15 0.9 0.6 (0.2-2.0)
3 (24.1-205.6) 66.1 0.36 22 15 1.6 1.0 (0.4-2.7)

:: _ a Cut-pointsweredeterminedby groupingcontrolswithno measurablelevelsand dividingremainingcontrolsintotwoequal groups.
: _ _ Adjustedformatchingfactors.ii ii]

:_ _ Additionallyadjustedfor weight.

i ::

i_ ,::i to 70.1 percent for the DDT-related compounds, from estrogens are associated with markedly increased risks
i: i!i', 42.3 percent to 76.8 percent for the PCB congeners, and of endometrial cancer? _,'° It is generally accepted that

:,_ from 51.5 percent to 80.9 percent for the other pesti- endometrial cancer is a more estrogen-related tumor
:! cides. Results for variables involving only one organo- than breast cancer. Adami and colleagues = recently

_ chlorine compound (e.g., p,p-DDE) would not be suggested that the focus of organochlorine research
affected by recovery adjustments because tbe correction should shift from breast to endometrial cancer because ii:.
method involves dividing by a constant. When recov- the latter is more likely to be a bellwether of weak

: cries of the relevant PCB congeners were considered in estrogenic effects.

thecalculationof summedPCBvariables(e.g., total Thisstudy,the first we knowof to examinethe
i : PCBs), relative risk estimates for these variables were relation between serum organochlorine concentrations ::i::_:_

: _ essentially unchanged (data not shown), and risk of endometrial cancer, did not find an associ- _!_,::

ation between serum concentrations of p,p-DDE, the :tii:/:_ii::i Discussion major metabolite of DDT, and endometrial cancer. Risk 3::.......

was slightly increased among women with higher serum _!ii'iA link between exposure to DDT and other organchlo- concentrations of p,p'-DDT. This finding is of some

rine compounds and the risk of breast cancer is interest in view of a recent evidence that p,p'-DDT is
biologically plausible because some organochlorine effective in regulating estrogen receptor-mediated cel-

l compounds are weakly estrogenlc.*:,".'s"_ A few early lular responsesY However, the interpretation of this __ili!_:

studies were positive ''''_''s_' but several recent larger result is complicated by the fact that the concentration t_:_::,_:::_!iI investigations have been null?'" Use of menopausal of another presumably estrogenic derivative, o,p'-
estrogens and high endogenous levels of unopposed DI)T," was lower in cases than controls. ::::::::::::::::::::::
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i̧
 !  ii!i!iiiii'iJii Orga,,ochlo,'ine

J _iiiiiii!::iiii? In the present study, no associations were observed 3. Dew.ail!yE., _:::_:i_t_iiii_iiii_iiii_i_ii_iii_iiii_iiiii:_il [
_iii!iiiiii!['I between elevated serum concentrations of several PCB .... onn,. ralgn or_anoe_oi.i_ie. _od_q_it_i!_i_:_:_iiiiiii:_:_ ,
_ili!iiiiii:[: related indices, including total PCBs and potentially estr°genrecept°rp°sitivebreastcancer_lN_t!_h_if_i:
_i!ii:ii_;i: 1994; 86: 232-4. : : ....
_iiji_:_ estrogenic PCBs, and endometrial cancer risk. Higher 4. Falck FY, Ricci A Jr, Wolff MS, Godbold J, Deckers J.

!i!iiil::_ concentrations of potentially enzyme-induclng PCBs Pesticides and polychlorinated biphenyl residues in human
- were associated with somewhat lower risk of endome- breast lipids and their relation to breast cancer. Arch

;_: trial cancer but the absence of a dose-response pattern Environ Health 1992; 47: 143-6.

!iili: tends to argue against a causal association. 5. Krieger N, Wolff MS, Hiatt RA, Rivera M, Vogelman

iiii_i Although only a small proportion of the subjects from J, Orentreich N. Breast cancer and serum organochlorines:
• a prospective study among white, black and Asian women.

the original study had serum analyzed, RR estimates ] Nad Cancer last 1994; 86: 589-99.
iii : from the present study for recognized risk factors were 6. Lopez-Carrillo L, Blair A, Lopez-Cerbantes M, et al. I
i_.... similar to those for the total group and from other Dichlorodiphenyl-trichlorethane serum levels and breast
;:_, studies. 2'a_-'_ In addition, selected characteristics were cancer risk: a case-control study from Mexico. Cancer Res i

1997; 57: 3728-32.
!ii_ approximately as prevalent in our case group as in the 7. tiunter DJ, Hankinson SE, Laden F, et al. Plasma organo-
ilii_ nearly 500 women from the original case group, including chlorine levels and the risk of breast cancer. N EnglJ Medri:

menopausal estrogen use (20 cf 19 percent), oral contra- 1997; 337: 1253-8.
i! ceptive use (23 cf 20 percent), weight of 175 pounds or 8. van' t Veer P, Lobbezoo IE, Martin-Moreno JM, et al.

ii:: more (45 cf43 percent), and cigarette smoking (33 cf32 DDT (dicophane) and postmenopausal breast cancer inEurope: case-control study. Br MedJ 1997; 315: 81-5.
* percent). These similarities suggest that the current 9. Mussalo-Rauhamaa H, Hasanen E, Pyysalo H, Antcrvo K,
:::iiiii: results are unbiased and probably generalizable to Kauppila R, Pantzar P. Occurrence of beta-hexa-

tii: endometrial cancer in the total population, chlorocyclohexane in breast cancer patients. Cancer 1990;
,i!: In the present study, median recovery-adjusted and 66: 2124-8.
li!i : -unadjusted serum concentrations among controls for 10. Moysich KB, Ambrosone CB, Vena JE, et al. Environmen-
t!i: tal organochlorine exposure and postmenopausal breast

!_i i:i p,p'-DDE were 9.8 ng/ml and 7.0 ng/ml, respectively, cancer risk. Cancer EpidemiolBiomark Prey 1998;7: 181-8.
'i::i Comparable concentrations of total PCBs were 2.4 11. Galand P, Mairesse N, Degraef C, Rooryck J. o,p'-DDT

l!i:_:(i!iI ng/ml and 1.6 ng/ml. The concentration of p,p'-DDE (1,1,1,-trichloro-2 (p-chlorophenyl) 2-(o-chlorophenyl)-

! we observed is similar to levels reported from two ethane is a purely estrogenic agonist in the rat uterus
_ in vivo and in vitro. Biochem Pharmacol 1987; 36: 397-400.

other studies that obtained serum between 1985 and 12. Shekhar PV/vI, Werdell J, Basrur VS. Environmental
,!,::: 1991"': but it is approximately six times lower than estrogen stimulation of growth and estrogen receptor
t':i::i level reported from the San Francisco Bay area during function in preneoplastic and cancerous human breast cell
!::i the late 1960s. _ The concentration of PCBs is approx- lines.J Nad Cancel"last 1997; 89: 1774-82.

!i_i: iniately half the levels obtained from these other 13. Bulger WH, Kupfer D. Estrogenic action of DDT analogs.

Am J lad Med 1983; 4: 163-73.

studies, z'5" Conceivably, higher concentrations of or-
s ganochlorine compounds such as those present when 14. Kelce WR, Stone ca, Laws SC, Gray LE, Kemppainen JA,Wilson EM. Persistent DDT metabolite p,p'-DDE is a
.t _ DDT was still being used may be related to endome- potent androgen receptor antagonist. Nature 1995; 375:
r t_[ [: trial cancer. Finally, a large number of organochlorine 581-5.
Y i compounds were investigated in this study and it is 15. Kimbrough RD. Polychlofinated biphenyls (PCBs) and

human health: An update. C_qtRev 7bxicol 1995;25: 133-63.
h i_: : possible that the small associations observed for p,p- 16. Korach KS, Sarver P, Chae K. Estrogen receptor-binding

e DDT and dieldrin may have occurred by chance, activity of polychlorinated blphenyls: conformationallyk The debate on the role of organochlorlnes and restricted structuralprobes. Mol Pharmaco11988; 33:120-6.! hormone-related cancers will likely be resolved as 17. Wolff MS, Camann D, Gammon M, et al. Proposed PCB

ie results are obtained from ongoing studies. The present congener groupings for epidemiologic studies. Environ
s study does not lend support to the hypothesis that Health Perspect 1997; 105: 13-14.

_::: 18. Safe S. Toxicology, structure-function relationship and
- :_ organochlorine compounds are important in the devel- human and environmental health impacts of polychlori-

e f [:: opment of endometrial cancer, hated biphenyls: progress and problems. Environ Health
k I

Perspect 1992; 100: 25%69.

n _ References 19. Brinton LA, Schairer C. Estrogen replacement therapy and

t: : breast cancer risk. Epidemiol Rev 1993; 15: 66-79.e 1. IPSC International Program on Chemical Safety. DDT 20. Adami HO, Lipworth L, Titus-Ernstoff L, et al. Organo.
S

i: and its Derivatives - Environmental Aspects. Geneva, chlorine compounds and estrogen-related cancers in worn-
_ Switzerland: World Health Organization, 1987; Environ- en. Cancer Causes Control 1995; 6: 551-66.

!s 11 mental Health, Criteria 83. 21. Brinton LA, Berman ML, Mortel R, et al. Reproductive,
n 2. Wolff MS, Toniolo P, Lee E, Rivera M, Dubin N. Blood menstrual, and medical risk factors for endometrial cancer:

, levels of organochlorine residues and risk of breast cancer. Results from a case-control study. Am J Obstet Gynec

J Nad Cancer [nst 1993; 85: 648-52. 1992; 167: 1317-25.

Cancer Causes and Control. Vol 9. 1998 423



S.R. Sturgeon ¢tal

22. Schwartz SM, Thomas DB. The World Health Organiza- 26. Swanson CA, Potischman N, Wilbanks GD, et al. Risk of
tion Collaborative Study of Neoplasia and Steroid Con- endometrial cancer in relation to contemporary and past
tracepfives. A case-control study of risk factors for body size. Cancer EpidemiolBiomarkPrev1993;2:321-70.
sarcomas of the uterus. Cancer 1989; 64: 2487-92. 27. Potischman N, Swanson CA, Brinton LA, et al. Dietary

23. Brock JW, Burse VW, Ashley l)I., et al. An improved associations in a case-control study of endometrial cancer.

t analysis for chlorinated pesticides and polychlorinated Cancer Causes Control 1993; 4: 23%50.
biphenyls (PCBs) in human and bovine sera utilizing solid 28. Baron JA, Byers T, Greenberg ER. Cigarette smoking in
phase extraction. ] Anal 7bxicol 1996; 20: 528-36. women with cancers of the breast and reproductive organs.

:_ 24. Phillips DL, Pirlde JL, Burse VW, et al. Chlorinated J Natl Cancer Inst 1986; 77: 677-80. _::_::!!ii::!iiiii::i::::_
hydrocarbon levels in human serum: effects of feeding 29. Brinton LA, Barrett RJ, Berman MI,, et al. Cigarette

:i_ and fasting. Arch Environ Contam Toxicol 1989: 18: 495- smoking and the risk of endometrial cancer. Am J
_': 500. Epidemiol 1993; 137: 281-91.
;_::i 25. Elwood JM, Cole P, Rothman KJ, Kaplan SD. Epidemiol- 30. Potischman N, Hoover RN, Brinton LA, et al, Case-
!_! ogy of endometrial cancer, f Natl Cancer Inst 1977; 59: control study of endogenous steroid hormones and en-
.: 1055-60. dometrial cancer.J Natl Cancer Inst 1996; 88: 1127-35.

...... i !il
:::

: ! ii

i i
i:.iii ::_!:i:_:i:!:!:!:i:i:?

iii i_::iiii::ii!::::i_iiiiii  ?ii?i
::_ :::::::::::::::::::::

 iiii',i!i!ill' ii

:il

.. Iii!ii i i_::
) _i ti::.?:?;:iil

.....

:i i!

_i!ii
_:_:: •

ii!;i
ii:

424 CancerCausesandControl.Vol9. 1998

ii
!!il:


